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(57) Abstract 

An electronic pressure relief system for a trac- 
tion slip control vehicle brake system (10) maintains 
the pressure within the brake system (10) at its de- 
sirable level by electronically controlling an isolation 
valve (32) coupled to the brake conduit (18). The iso- 
lation valve (32) is controlled by supplying an ener- 
gizing current to the valve (32) at a preselected level 
such that the holding pressure exerted by the valve 
(32) is maintained at a level approximately equal to 
the maximum desired pressure level to be maintained 
within the brake conduit (18) during the traction slip 
control maneuver. 
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ELECTRONIC PRESSURE RELIEF SYSTEM FOR TRACTION CONTROL 

backgrqttr; 3F the invention 

1. Field of the Invention . 

This invention generally relates to vehicle brake 
systems* More specifically, this invention relates to 
controlling the pressure within a vehicle brake system during a 
traction slip control maneuver . This invention includes a 
device and methodology for controlling electromagnetically 
activated relief valves within a vehicle brake system having 
traction slip control capability, by selectively energizing the 
electromagnetic component of the relief valve. The relief valve 
is selectively energized in order to control the maximum 
pressure obtained during a traction slip control maneuver. 

2. The Prior Art. 

Modern vehicle braking systems include the capability of 
having antilocking braking action and performing a traction slip 
control maneuver. Braking systems including traction slip 
control are typically characterized by the ability to generate a 
braking force within the braking system independent of the 
vehicle operator in order to create some desired level of 
pressure causing the wheel brakes to engage. In this general 
manner, traction slip control is achieved because the wheels, 
which would otherwise spin in an undesirable manner not 
maintaining contact with the driving surface, are prevented from 
slipping. Braking systems that include traction slip control 
typically include an auxiliary pressure pump which is motor 
controlled to create the desired pressure within the braking 
system in order to complete a traction slip control maneuver. 
Such auxiliary pressure pumps act independently of the operation 



WO 95/19282 



-2- 



PCT/US95/0049'0 



of a brake pedal normally associated with the brake system and 
are typically isolated from the master cylinder of the brake 
system. Because of the nature of the pressure created by the 
auxiliary pressure pump for a traction slip control maneuver 
(TSCM) it is necessary to provide a means for allowing the 
pressure within the braking system to be relieved when it 
becomes desirable to end the TSCM, Similarly, it is desirable 
to relieve the pressure within the braking system in order to 
maintain a desired pressure for completing the TSCM. 

One attempt at maintaining the desired pressure within the 
braking system during a TSCM includes^ incorporating mechanical 
relief valves into the braking system. Conventional mechanical 
relief valves have several drawbacks and disadvantages 
associated with them. For example, mechanical relief valves are 
typically noisy. It is desirable to reduce the amount of noise 
generated by an automotive braking system in order to increase 
the vehicle operator's comfort and to enhance the satisfaction 
of the driving experience. Another drawback associated with 
including a mechanical relief valve in a traction slip control 
brake system is that the mechanical relief valves introduce 
extra hardware that may otherwise be unnecessary. It is 
desirable to reduce the amount of hardware associated with a 
vehicle braking system in order to improve system efficiency and 
diagnostic capabilities, and to make the overall vehicle 
manufacturing process more efficient. 

Another attempt at maintaining the desired pressure within 
a vehicle braking system that includes traction slip control 
includes the addition of sophisticated pressure modulators 
within the braking system. Typical pressure modulators include 
the drawbacks of being relatively sophisticated and cumbersome 
and therefore introduce complexity into the braking system that 
is preferably avoided. 
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This invention eliminates the need for such mechanical 
relief valves or pressure modulators and controls the pressure 
within the braking system during a TSCM by selectively 
controlling an electromagnetically actuated isolation valve. 
This invention includes the realization that an 
electromagnetically actuated isolation valve maintains a holding 
pressure that is proportional to the amplitude of the energizing 
current supplied to the valve. Therefore, this invention 
presents the advantages of reducing the complexity and number of 
hardware components associated with a tr:i;:.ion slip control 
braking system. Further, this invention -proves the braking 
system function by eliminating the unde* ; ...ble noise commonly 
associated with mechanical relief valv Other advantages 

provided by this invention include improved system diagnostics 
and the ability to selectively control the pressure maintained 
within the braking system during a traction slip control 
maneuver. 



STOMAltY OF THE IHVKHTIOH 



In its most general terms, this invention includes a 
method of relieving pressure within a vehicle brake system that 
has an electromagnetically actuated isolation valve during a 
traction slip control maneuver. The method associated with this 
invention Includes three basic steps. First , a maximum 
desirable pressure value that is to be maintained during the 
traction slip control maneuver is determined. Second, a 
required current is determined for energizing the isolation 
valve such that the isolation valve opens in a pressure 
relieving manner when the pressure within the brake system 
exceeds the maximum desired pressure determined in the previous 
step. Lastly, the isolation valve is energized with the 
required current. 
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In a presently preferred embodiment, the 
electromagnetically actuated isolation valve is energized by 
providing a series of current pulses to the electromagnetic 
portion of the valve. In one preferred embodiment, the 
electromagnetic portion includes a solenoid. A series of 
current pulses are preferably generated by an electronic 
controller associated with the braking system. The series of 
pulses effectively creates an average current value of the 
energizing current that is supplied to the isolation valve. In 
the preferred embodiment, the average value of the energizing 
current can be modified by varying the pulse width. Such 
modification and control of the pulse width and pulse amplitude 
is preferably accomplished by logic control within an electronic 
controller associated with the vehicle braking system. 

These and other features and objects of this invention 
will become apparent to those skilled in the art from the 
following detailed description of the preferred embodiments 
taken in connection with the appended drawings, the following 
being a brief description of the latter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of selected portions of a 
vehicle braking system including traction slip control 
capability. 

Figure 2 is a timing diagram illustrating a preferred 
method of supplying an energizing current to an isolation valve 
associated with this invention. 

Figure 3 is a schematic diagram of another embodiment for 
limiting the current supply to an isolation valve associated 
with this invent! on ♦ 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 schematically and diagrammatically illustrates 
selected portions of a vehicle braking system 10. Braking 
system 10 includes master cylinder 12 which facilitates 
supplying hydraulic braking . fluid to the braking system from 
fluid reservoir 14, Brake pedal 16 is provided within a vehicle 
such that a vehicle operator can activate the braking system by 
depressing the pedal 16 in a conventional manner. 

Brake conduit 18 is provided in order to enable 
communication of hydraulic brake fluid from reservoir 14 to 
wheel brake 20 in order to cause a desired deceleration of wheel 
22. Normally open valve 24 is provided between reservoir 14 and 
wheel brake 20 along conduit 18 in order to facilitate proper 
braking application in a conventional manner. Normally open 
valve 24 is preferably an electromagnet! cally controlled valve 
typically associated with an antilocking brake system. Normally 
closed valve 26 is provided for antilocking braking applications 
such that the brake fluid within conduit 18 can be redistributed 
to other portions (not illustrated) of the braking system 
through relief conduit 28. 

Auxiliary pump 30 is provided for traction slip control 
maneuvers. Auxiliary pump 30 is preferably connected to a pump 
motor (not specifically illustrated) that is, in turn, 
controlled by an electronic controller (not illustrated) 
associated with the braking system 10. The electronic 
controller preferably has the capability of determining when a 
traction slip control maneuver is desirable and responsively 
activates auxiliary pump 30 in order to cause an increased 
pressure build up in brake conduit 18 as will be described in 
further detail below. Such electronic controllers include 
conventional microprocessors and are known in the art. 

Isolation valve 32 is provided between reservoir 14 and 
pump 30 along conduit 18. Isolation valve 32 is used to enable 
brake fluid to pass through conduit 18 into reservoir 14 when 
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pressure is created within conduit 18 by pump 30 in a manner to 
be described in further detail below. Isolation valve 32 is 
electromagnetically actuated and, preferably by a solenoid 34 
which receives current through electronic circuitry (not 
illustrated) associated with braking system 10. 

Typical conditions that require a traction slip control 
maneuver occur when wheel disk 22 is spinning in an undesirable 
fashion without making proper tractional contact with the 
driving surface. Under these conditions, it is possible to 
alleviate or minimize the amount of undesirable slipping by 
causing wheel brake 20 to bear against wheel disk 22. Wheel 
brake 20 is caused to bear against wheel disk 22 by causing an 
increase in pressure within brake conduit 18 thereby causing 
wheel disk 22 to slow down such that a proper engagement with 
the driving surface can be obtained. The Increase in pressure 
within brake conduit 18 is accomplished by closing isolation 
valve 32 and activating auxiliary pump 30. Auxiliary pump 30 
has its suction side opposite the connection to conduit 18 such 
that an increase in brake fluid pressure is build up within 
conduit 18 causing wheel brake 20 to bear against wheel disk 
22. The suction side of pump 30 is coupled to the low pressure 
end of master cylinder 12 through conduit 31. The illustrated 
coupling of the suction side of pump 30 to the remainder of the 
brake system 10 is only one example of a strategy for such 
coupling. Other strategies are possible within the scope of 
this invention. 

Because of the nature of pump 30 and the configuration as 
illustrated in Figure 1 it becomes desirable during a traction 
slip control maneuver to limit system pressure within conduit 
18. It is desirable to relieve pressure from conduit 18 after a 
desired pressure level has been maintained for a reasonable or 
desired period of time. 

In some configurations of braking systems that include 
traction slip control, a mechanical relief valve 36 (shown in 
phantom) is provided between an auxiliary pump 30 and a 
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reservoir 14 for facilitating relief of the undesirable pressure 
within brake conduit 18. The brake fluid can then travel 
through brake conduit 38 (illustrated in phantom) and thereby 
release pressure from brake conduit 18. The preferred 
embodiment of this invention eliminates the need for mechanical 
relief valve 36 and instead utilizes isolation valve 32 for 
relieving any undesired pressure from within brake conduit 18. 
In another embodiment, mechanical relief valve 36 is provided 
and dedicated to system redundancy. 

Upon initiation of a traction slip control maneuver, the 
electronic controller associated with the braking system 10 
supplies an energizing current to solenoid 34 on isolation valve 
32. Isolation valve 32 is preferably a type of valve known as a 
ball and seat valve. Isolation valve 32 is commonly known in 
the art as an SV valve. The holding pressure of isolation valve 
32 is proportional to the energizing current supplied to 
solenoid 34. Isolation valve 32 will remain closed against 
pressure within conduit 18 only to the extent that the 
energizing current supplied to solenoid 34 produces a holding 
pressure that exceeds the fluid pressure within conduit 18. 
Therefore, by strategically limiting the energizing current to 
solenoid 34, isolation valve 32 will open in response to 
pressure within conduit 18 when that pressure exceeds the 
holding pressure achieved in isolation valve 32 responsive to 
the energizing current. By maintaining the energizing current 
at a preselected average value, the pressure within brake 
conduit 18 during a traction slip control maneuver is maintained 
to be equal to or below, .a maximum desired level. 

Therefore, mechanical relief valve 36 can be eliminated 
from a braking system when it includes an isolation valve 32 
that is energized in accordance with the methodology associated 
with this invention. 

The method associated with this invention includes three 
basic steps. First, a maximum desired pressure value to be 
maintained within braking system 10 during a traction slip 
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control maneuver is determined. Second, the determination is 
made regarding the required energizing current needed to be 
supplied to solenoid 34 such that the isolation valve 32 opens 
in a pressure relieving manner when the pressure within conduit 
18 equals or exceeds the maximum desired pressure determined in 
the first step. Lastly, the isolation valve is energized using 
the required current value determined in the second step. 

The inclusion of an electronic controller in a vehicle 
braking system enables one to practice the methodology 
associated with this invention in a variety of manners. This is 
due, in part, to the nature of the microprocessors commonly 
associated with modern vehicle braking system electronic 
controllers. 

In the preferred embodiment of this invention, the 
electronic controller is used to provide an energizing current 
to the isolation valve. Figure 2 illustrates a preferred method 
of providing energizing current to isolation valve 32. Figure 2 
is a plot diagram of current versus time. Figure 2 includes 
plot 50 which has a time axis 52 and current axis 54. Pulses 56 
are illustrated having a maximum value of I pu i se illustrated at 
58 along axis 54. When taken in the aggregate, pulses 56 
sustain an average energizing current having a value of I ayg 
illustrated 5-at 60. The value for I avg can be altered by 
changing the pulse width 62 of pulses 56. A wider pulse width 
or longer duration for an individual pulse 56 will provide an 
average energizing current having a higher value. Similarly, 
reducing the pulse width 62 causes a decrease in the average 
value of the energizing current. In this manner, the 
electromagnet! cally actuated isolation valve 32 is supplied with 
an energizing current having a preselected value in order to 
achieve a holding pressure exerted by isolation valve 32 that 
corresponds to a maximum desired pressure within brake conduit 
18 during a traction slip control maneuver. 
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One advantage associated with the preferred embodiment 
discussed in association with the illustration of Figure 2 is 
that the energizing current can be varied according to driving 
conditions or according to particular host vehicle requirements, 
for example. Further, various information within the electronic 
controller can be used to vary the holding pressure achieved by 
isolation valve 32 according to driving conditions as will be 
appreciated by those skilled in the art. 

Figure 3 is a schematic illustration of another embodiment 
for implementing the methodology associated with this 
invention. The circuit schematic of Figure 3 includes voltage 
source 70, resistor 72 and solenoid coil 74. Solenoid coil 74 
is the coil associated with solenoid 34 of isolation valve 32. 
Resistor 72 is provided between voltage source 70 and coil 74 in 
order to attenuate the amount of current that is supplied to 
coil 74. It is to be understood that resistor 74 is only one 
example of a means for attenuating the current that is supplied 
to the electromagnetically actuated isolation valve associated 
with this invention. Other current amplitude limiting devices 
can be used in place of a resistor. As one skilled in the art 
will appreciate, knowing the value of the voltage produced by 
voltage source 70 and the value of resistor 72, the energizing 
current supplied to coil 74 can be determined. A variable 
resistor is used in embodiments wherein it is desirable to vary 
the amount of energizing current supplied to coil 74 ' under 
varying driving conditions. 

The preceding description is exemplary rather than 
limiting in nature. variations and modifications are possible 
without departing from the spirit and purview of this invention, 
the scope of which is limited only by the appended claims. 
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CLAIMS 



I claim : 

1. A system for relieving undesireable pressure from 
within a vehicle brake system, comprising: 

a reservoir for holding hydraulic fluid; 

a conduit connecting said reservoir to a wheel brake for 
communicating hydraulic fluid from said reservoir to said wheel 
brake; 

an electromagnetically actuated isolation valve connected 
to said conduit, said isolation valve having a first valve 
position for isolating said wheel brake from said reservoir, 
said isolation valve having a holding pressure associated with 
said first valve position, said holding pressure being 
proportional to an actuating signal supplied to said isolation 
valve, said valve opening from said first valve position in 
response to a pressure within said system that exceeds said 
holding pressure; 

a pump for generating braking pressure within said conduit 
to cause said hydraulic fluid to bear against said wheel brake 
when said isolation valve is in said first valve position, said 
pump being hydraulically connected to said conduit between said 
isolation valve and said wheel brake; and 

means for supplying an actuating signal to said isolation 
valve such that said valve opens from said first valve position 
to allow hydraulic fluid to exit said conduit into said 
reservoir to thereby relieve undesireable pressure from within 
said conduit* 

2. The system of claim 1, wherein said holding pressure 
is proportional to a current amplitude of said actuating signal. 
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3. The system of claim 2, wherein said signal supplying 
means produces said actuating signal having a preselected 
current amplitude such that said holding pressure is maintained 
at a preselected level. 

4. The system of claim 3, wherein said signal supplying 
means comprises a microprocessor electronically coupled with 
said system. 



5. The system of claim 4, wherein said actuating signal 
is produced by said microprocessor, said signal comprising a 
series of pulses having a preselected pulse amplitude and pulse 
width such that said actuating signal has an average current 
amplitude. 

6. The system of claim 5, wherein said average current 
amplitude causes said holding pressure to be maintained at said 
preselected level such that said valve opens when said holding 
pressure is exceeded by the pressure within said conduit caused 
by said pump such that said pressure within said conduit does 
not exceed a preselected maximum pressure. 

7. The system of claim 3, wherein said signal supplying 
means comprises a voltage source coupled through a current 
attenuating means to said isolation valve such that said 
actuating signal has a preselected current amplitude. 

8. The system of claim 1, wherein said isolation valve 
comprises a solenoid actuated ball and seat valve, said solenoid 
causing said holding pressure to be maintained at a preselected 
level responsive to said actuating signal. 

9. The system of claim 8, wherein said holding pressure 
is proportional to a current amplitude of said actuating signal. 
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10. The system of claim 8, wherein said signal supplying 
means comprises a microprocessor electronically coupled to said 
system and said actuating signal is produced by logic control 
within said microprocessor. 

11. A system for controlling pressure within a vehicle 
braking system during a traction slip control maneuver, said 
system having a reservoir of hydraulic fluid and a conduit 
coupling the reservoir to a wheel brake, said system comprising- 

an isolation valve coupled with said conduit between said 
reservoir and said wheel brake, said isolation valve having a 
first valve position for isolating said wheel brake from said 
reservoir, said isolation valve having a holding pressure 
associated with said first valve position, said valve opening 
from said first valve position responsive to a pressure within 
said conduit that exceeds said holding pressure; 

a pump for generating braking pressure within said conduit 
during a traction slip control maneuver to cause said hydraulic 
fluid to bear against said wheel brake when said isolation valve 
is in said first valve position, said pump being hydraulically 
connected to said conduit between said isolation valve and said 
wheel brake; and 

neans for controlling said holding pressure such that said 
valve opens from said first valve position to allow hydraulic 
fluid to exit said conduit into said reservoir to thereby 
relieve undesireable pressure from within said conduit. 

12. The system of claim 11, wherein said isolation valve 
comprises an electromagnetically actuated valve and wherein said 
holding pressure is proportional to an actuating signal supplied 
to said valve. 
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13. The system of claim 12, wherein said controlling 
means comprises a microprocessor electronically coupled with 
said system, said microprocessor producing said actuating signal 
having a preselected current amplitude and wherein said holding 
pressure is proportional to said current amplitude. 
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14. A method of relieving pressure within a vehicle brake 
system having an electromagnetically actuated isolation valve 
during a traction slip control maneuver, comprising the steps of 
, (A) determining a maximum desired pressure value to 

be maintained during the traction slip control maneuver; 

" (B) determining a required current for energi zing 

the isolation valve such that the isolation valve opens in 1 
Pressure relieving manner responsive to pressure within the 
brake system when said pressure exceeds the maximum desired 
pressure determined in step (A); 

(C) energizing the isolation valve with the required 
current determined in step (B). 

15 - tt « of claim 14, wherein step (A) is performed 

by the substeps of monitoring at least one parameter of a set of 
Parameters, using an electronic brake system controller, to 
thereby determine the maximum desired pressure, said set of 
Parameters including wheel speed, engine revolution relative to 
time and brake fluid pressure. 

bv «. ^ Beth ° d ° f Clalm 14 ' Wherein Step < B > ia Performed 

by the substeps of determining a relationship between energizing 
current and holding pressure wherein holding pressure equals 2 

~. preasure the isoiatioa vaivc wiu *■ — 

by i J 7 t ; T nethod of clalm l4> wherein step (C) 13 

by limiting the energizing current to the determined level using 
an electronic controller associated with the brake system 
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18 . The method of claim 17, wherein energizing current is 
supplied by generating a series of electrical signal pulses 
having a preselected pulse amplitude, pulse width and frequency; 
whereby an average energizing current energizes the isolation 
valve, the average energizing current amplitude being a 
preselected value. 

19. The method of claim 14, wherein step (C) is performed 
by the substeps of limiting current supplied to the 
electromagnet ically activated isolation valve, using a current 
attenuating means having a preselected attenuation value. 



20. The method of claim 19 wherein the current 
attenuating means comprises a resistor. 
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